In this paper, a novel geometric active contour model based on the fractal dimension feature to extract the boundary of man-made target in nature scenes is presented. In order to suppress the nature clutters, an adaptive weighting function is defined using the fractal dimension feature. Then the weighting function is introduced into the geodesic active contour model to detect the boundary of man-made target. Curve driven by our proposed model can evolve gradually from the initial position to the boundary of man-made target without being disturbed by nature clutters, even if the initial curve is far away from the true boundary. Experimental results validate the effectiveness and feasibility of our model. Keywords: active contour, fractal dimension, boundary detection, man-made target
INTRDUCTION
Active contour model is a curve evolution framework that has been developed extensively and used widely in image segmentation [1] [2] [3] [4] . The basic idea in the model is to deform an initial curve towards the boundary of the object to be detected by minimizing the energy function. In particular, the geometric active contour model [5] [6] has been proposed to solve a wide range of image segmentation problems recently, because of its automatic topological changes and much larger capture areas than the snake [1] . Geometric active contour model is based on the theory of curve evolution in time according to intrinsic geometric measures of the image and is implemented via level set methods [7] . In this model, a contour is represented as the zero level set of a function defined in higher dimensions and the level set function evolves according to a partial differential equation (PDE).
Although the geometric active contour model performances well, it has some drawbacks in the boundary detection of man-made target in nature scenes. First, as applied in other areas, the initial curve is required to be close to the object to be detected in order to avoid further possible detection of false contours due to the local minima of energy function. This precondition of an initial curve is not always met automatically and sometimes results in the false detection. Secondly, most geometric active contour models rely on the object boundary information, such as image intensity gradient, since they provide reliable information for curve evolution. When we extract the man-made target in the cluttered natural background using this model, the curve is always attracted by the local minima of energy function, namely the local maxima of intensity gradient of the nature clutters. So the curve always stops at the nature clutters or slips into regions. This often results in the false detection of man-made target. These drawbacks cause difficulties when we use the geometric active contour to segment the boundary of man-made target in nature scenes.
For solving these problems, the primary task is to define a feature-based global energy field to enhance the target region and suppress the nature clutters. Hence the problem becomes how to use some target features to define the geometric active contour model. The fractal dimension (FD) feature is proved to be powerful to distinguish the man-made target region from cluttered nature scenes in many applications [8] . The FD of man-made target is usually smaller than that of the nature scenes because mostly the man-made target is smoother than the natural background. In this paper, we use the fractal dimension feature to define an adaptive weighting function to suppress the nature clutters and introduce it into the geodesic active contour model to detect the boundary of man-made target.
The outline of this paper is as follows: In Section 2, we briefly introduce the fractal dimension feature and its implementation. In Section 3, the fractal geometric active contour model based on the fractal dimension feature is presented. Section 4 shows the experiment results of our model. Finally, conclusion and discussion appear in Section 5. *ml@sia.cn
FRACTAL DIMENSION FEATURE
Fractal theory is a powerful research tool to handle irregular and un-smooth objects in nature. It is based on Fractal Brown Increment Random (FBIR) model. Given the scale, most nature objects conform to FBIR model, while man-made objects not. This lays a deep foundation on fractal theory for the intrinsic difference between man-made target and nature scenes. Fractal dimension is an important feature which is generally related to the roughness of surface. Therefore, the fractal dimension of man-made target is usually smaller than that of the nature scenes because the man-made target is usually smoother than the natural background. For the fractal surface, the fractal dimension is usually defined between 2 and 3.
A large number of algorithms have been developed to compute the fractal dimension such as walking-divider, box counting, fractional Brownian motion, Fourier power spectrum, etc. The Fourier power spectrum method is general and potentially more accurate computationally [8] . The algorithm is described briefly as follows.
is the density function of Fourier power spectrum, achieved by means of FFT (Fast Fourier Transform) ,where f is frequency. FD is the Fractal Dimension of ) (x B . Then ) (x B satisfies the followed conditions：
is the power spectrum density. Equation (2) becomes：
Using the least squares approximation, H is computed. Then the fractal dimension can be calculated according to equation (3) .
In the fractal dimension feature map, the man-made target region is darker than the natural background because its fractal dimension is smaller than that of the nature scenes (See Figure 1, frame c) ). In figure 1, frame a) is an IR image with a car target in nature scenes; Frame b) is the edge map, where the edge of the car is represented along with that of nature scenes, such as trees and grasses; Frame c) is the fractal dimension feature map, where the car region is enhanced while the nature clutters are suppressed obviously. This result validates that the fractal dimension is an effective global feature to distinguish the man-made target region from the natural background. 
FRACTAL GEOMETRIC ACTIVE CONTOUR MODEL

Geometric active contours
Geodesic active contour model is the standard geometric active contour model, which is proposed by V.Caselles [9] . It transforms the problem of snake energy minimization into a problem of searching for the minimum length geodesic curve that takes into account the desired image characteristics.
→ be a parameterized planar curve and let
be a given image in which we want to detect the object boundary. The geodesic active contour model is defined by:
It is an edge stopping function that depends on the image data.
According to the steepest-descent method and Euler-Lagrange equation, the curve evolution equation is:
Where k denotes the Euclidean curvature, and N v denotes the unit inward normal.
The geodesic flow (6) is implemented via level set approach [7] , in which the curve C is represented as the zero level set
The level set formulation of equation (6) is given by:
Where, the term φ ∇ k is the curvature-based Euclidean shortening flow, which can smooth a curve and eventually shrinking it to a circular point. This term has the same regularizing effect on the curve as that of the internal energy of snake. The external image dependent force is given by the edge stopping function
stop the evolving curve when it arrives to the objects boundaries. The term φ ∇ ⋅ ∇g is also a gradient-based edge attraction force, which can pull back the curve passing through the object boundary where the gradient is weak. Therefore, in detecting the boundary of man-made target in cluttered nature scenes, the curve will usually stop at the nature clutters with the large gradient or slip into regions including some background areas when the curve is initially positioned far away from the target boundary. This always results in the false detection. To solve this problem, we extend the geodesic active contour model with the fractal dimension feature in the following section.
Fractal geometric active contour model
Since the edge information of the natural background disturbs the boundary detection of man-made target, we define a weighting function using the fractal dimension feature to adjust the magnitude of edge information to make it removed or weakened in the natural background.
Thus the fractal geometric active contour model based on the fractal dimension feature is defined by:
Here w is the adaptive weighting function based on the fractal dimension feature to adjust the magnitude of edge stopping function ) (⋅ g . We define w as: λ is used to regulate T to be the value that is close to the fractal dimension of man-made target boundary . 2 λ is used to make v to be the smaller deviation from T, compared with σ . Therefore, according to equation (9), w is large around the manmade target boundary while small in the interior of target region or in background region (See Figure 2) . Consequently, in equation (8), the magnitude of edge stopping function ) ( I g ∇ weighted by w is weakened in the natural background. This makes the curve evolve to the boundary of man-made target.
Using the steepest-descent method, we get the curve equation from equation (8) as below:
The level set formulation of equation (10) is given by:
Whereφ is the level set function. In order to speed up the convergence, we add a constant term c like the "balloon" force [2, 9] to make the curve shrink or expand to the object boundary at a constant speed in the normal direction. Due to the blurred edges of IR image, we use parameterα to adjust the contribution of the edge attractor term to the curve evolution. The equation (11) thus becomes:
Furthermore, the equation can be written as:
We can see that there are two terms at the right hand side of equation (13). The first term is the curvature-based flow weighted by 1-w , which can smooth a curve and eventually shrinking and expanding it. We may consider it as the internal force. The second term is image dependent force which can detect the edge. This term is also the original geodesic active contour model weighted by w .We may consider it as the external force.
In the nature scenes, w is small, and (1-w ) is large. As a result, the curvature flow (or internal force) is dominant in the curve evolution and mainly makes the curve contract rapidly from the initial position to the target boundary. When the curve approaches the true boundary nearby, w increases and (1-w ) decreases. Therefore, the contribution of curvature flow to the curve evolution is decreased and that of the original geodesic active contour model (external force) is increased. As a result, the original geodesic active contour model becomes critical to curve evolution and chiefly governs curve converge to the true boundary of man-made target accurately.
EXPERIMENT RESULTS
We applied our model to the real IR images, shown in figure 1,3,4 ,5. In figure 1 and in figure 4 , frame a) is the real IR image in which car is the man-made target to be detected in nature scenes, and frame b) is the corresponding edge map of image. We can see that the edge map contains much edge information of nature clutters. With the original geodesic active contour model, the curve will stop at the edges of nature clutters or slip into regions that contain some nature areas, shown in frame d). In the fractal dimension feature map shown in frame c), the nature clutters are suppressed obviously. Segmentation results with our proposed fractal geometric active contour model are shown in figure 3 
CONCLUSIONS AND DISCUSSIONS
We have proposed a novel fractal geometric active contour model to segment the man-made target in nature scenes. We define a weighting function based on the fractal dimension feature to weaken the nature information and introduce it into the geodesic active contour model to detect the boundary of man-made target. The fractal geometric active contour model can suppress the nature clutters which disturb the curve evolution, and guide the curve to converge to the boundary of man-made target. Moreover, the model allows the initial curve be faraway from the target boundary and reduces the dependency of active contour model on the initial curve. Experimental results validate the effectiveness and feasibility of our model.
In this paper, we only discussed how to formulate the geometric active contour model using the fractal dimension feature. For the different targets that have different features, the active contour model should be designed by different feature-based energy field or global constraint, which retains only the important target feature and makes target distinguished from the background.
